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(54) Semiconductor interconnect structure employing a pecvd inorganic dielectric layer and 
process for making same 



(57) An inorganic dielectric anti-reflective coating 
(ARC) layer used in semiconductor interconnect struc- 
tures for facilitating the use of thin photoresist layers 
while preserving the integrity of the photoresist pattern 
(304, 306, 308) for deep sub-micron feature sizes. The 
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inorganic dielectric ARC layer also functions as a hard 
mask during metal etching thereby further enhancing 
the integrity of metallic microelectronic structures. 
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Description 

BACKGROUND OF THE INVENTION 

1. Technical Field 

[0001] The present Invention relates, generally, to 
thin film anti-reflective coatings (ARC) used in semicon- 
ductor interconnect structures and, more particularly, to 
an inorganic dielectric ARC which also functions as a 
hard mask. 

2. Background Art and Technical Problems 

[0002] Recent advances in semiconductor process- 
ing technology have led to the development of inte- 
grated circuit devices employing sub-micron and even 
deep sub-half-micron feature sizes. Deep sub-micron 
technologies, involving critical dimensions or feature 
sizes of less than 0.35 microns, require photo litho- 
graphic processes which employ progressively smaller 
incident wavelengths during the exposure process. 
[0003] In addition, deep sub-micron feature sizes 
have spawned the development of sophisticated new 
photoresist recipes for use with these smaller wave- 
lengths. 

[0004] Deep sub-micron line widths also tend to 
drive a reduction in the thickness of the photoresist lay- 
ers in order to maintain acceptable aspect ratios for the 
photoresist patterns. However, the use of thinner pho- 
toresist pattern layers has resulted in undesired erosion 
of the patterned microelectronic structure during the 
metal etch process. 

[0005] Presently known attempts to preserve the 
integrity of the microelectronic structures in the pres- 
ence of thin photoresist layers typically involve the use 
of a silicon dioxide layer on top of the metal stack In 
addition, organic anti-reflection coating (ARC) layers 
have been employed on top of silicon dioxide layers to 
help preserve the structural integrity of the photoresist 
pattern structures. However, these organic ARC and sil- 
icon layers require different etching chemistries that are 
not compatible with metal etching. Consequently, there 
is an increase in processing steps and manufacturing 
complexity thereby resulting in lower throughput and 
high cost of the integrated circuit devices. 
[0006] Composite structures and manufacturing 
processes are thus needed which accommodate the 
progression towards smaller exposure wavelengths and 
thinner photoresist layers, but which do not unnecessar- 
ily add to the cost and complexity of the fabrication proc- 
ess. 

SUMMARY OF THE INVENTION 

[0007] In accordance with a preferred embodiment 
of the present invention, a metal layer upon which pho- 
toresist patterns are developed comprises a sand- 



wiched metal stack having a layer of conducting metal 
(aluminum, titanium, and the like) bounded by an upper 
thin-film ARC layer and a bottom thin-film barrier layer, 
wherein at least the top layer is composed of an inor- 

5 ganic dielectric substance. The use of an inorganic die- 
lectric top ARC layer facilitates use of thinner 
photoresist layers while preserving the integrity of the 
photoresist pattern for deep sub-micron feature sizes. In 
addition, the inorganic ARC layer functions as a hard 

w mask during the metal etch process, further enhancing 
the integrity of the metallic microelectronic structures 
even as the photoresist is eroded during the metal etch 
process. 

[0008] In accordance with a further aspect of the 

15 present invention, the inorganic dielectric layer may be 
applied utilizing a chemical vapor deposition (CVD) 
process. In accordance with a particular preferred 
embodiment, the inorganic dielectric ARC layer may be 
applied in a plasma enhanced CVD (PECVD) chamber. 

20 [0009] In accordance with a further aspect of the 
present invention, the use of PECVD deposition tech- 
niques permits the application of the dielectric layer in a 
conformal manner, i.e., a uniform thickness of the die- 
lectric may be applied to surfaces which are not per- 

25 fectJy planar, for example surfaces which contain a layer 
of microelectronic structures. This is a distinct advan- 
tage over prior art systems, wherein organic ARC layers 
are typically applied using a spin coat technique. 
[0010] In accordance with a further aspect of the 

30 present invention, the etch selectivity of the metal etch 
medium is greatly enhanced in that the inorganic ARC is 
less susceptible to erosion during the metal etch proc- 
ess than prior art organic or metallic ARC layers. 
[0011] In accordance with yet a further aspect of 

35 the present invention, the inorganic dielectric layer may 
be incorporated into the interconnect structure, without 
having to be removed in a subsequent processing step. 
[0012] In accordance with a still further aspect of 
the present invention, the process of etching the inor- 

40 ganic dielectric layer down to the metal layer may be 
performed in the same tool within which the metal etch- 
ing process is performed, thereby eliminating the need 
to change tooling between the dielectric etching step 
and the metal etching step. 

45 [0013] In accordance with yet a further aspect of 
the present invention, the inorganic dielectric ARC layer 
may be etched using a fluorine based etching solution, 
immediately followed by the in-situ transition to a chlo- 
rine based etching process for the metal etching step. 

50 [001 4] Various other aspects and advantages of the 
present invention are set forth with particularity in the 
detailed description of preferred exemplary embodi- 
ments. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention will hereinafter be 
described in conjunction with the appended drawing fig- 
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ures, wherein like numerals designate like elements in 
the various figures, and wherein: 

* FIG. 1a is a schematic diagram of a photo litho- 
graphic exposure and development process; s 
FIG. 1b is a schematic diagram of an exemplary 
printed photoresist pattern using prior art tech- 
niques; 

FIG. 1c is a schematic illustration of a metallic 
microelectronic structure after pattern and transfer, 10 
shown with compromised structural integrity as a 
result of a thin photoresist layer; 
FIG. 2a is a schematic illustration of reflected inci- 
dent light on the sidewall profile of photoresist 
structures; 15 
FIG. 2b is a schematic illustration of prior art pho- 
toresist structures showing the vertical walls of the 
photoresist structures corrupted by the spurious 
reflected light shown in FIG. 2a; 
FIG. 3a is a schematic illustration of a prior art 20 
exposure and development paradigm employing an 
organic anti-reflective coating on the metal layer; 
FIG. 3b is schematic illustration of a prior art pho- 
toresist pattern transfer technique produced using 
an organic anti-reflective coating, with the resulting 25 
preservation of the structural integrity of the metal- 
lic microelectronic structures; 
FIG. 4 is a schematic illustration of an inorganic die- 
lectric boundary layer in accordance with the 
present invention; 30 
FIG. 5 is a schematic illustration of the conformal 
application of a dielectric boundary layer in accord- 
ance with the present invention; 
FIG. 6a is a schematic illustration of a printed pho- 
toresist pattern using an inorganic dielectric layer in 35 
accordance with the present invention; 
FIG. 6b is a schematic illustration of a photoresist 
pattern, showing the inorganic top ARC layer of 
FIG. 6a removed as a result of etching; 
FIG. 6c is a schematic illustration of the resulting 40 
microelectronic structures subsequent to the metal 
etching process in accordance with the present 
invention; 

FIG. 7 is a schematic block diagram of an exem- 
plary plasma etching chamber in accordance with 45 
the present inventions and 
FIG. 8 is a flow chart setting forth various process 
steps employed in the context of the present inven- 
tion. 

so 

DETAILED DESCRIPTION OF THE PREFERRED 
EXEMPLARY E MBODIMENTS 

[0016] For relatively large line widths, standard 
photo lithographic processes typically employ G-line ss 
(436 nanometers) or l-line (365 nanometers) exposure 
wavelengths. However, l-line photo lithographic proc- 
esses are limited to line width critical dimensions on the 
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order of about .36 micron feature size; thus, for deep 
sub-half-micron feature sizes, deep ultraviolet exposure 
energies (e.g., 248 nanometers) or lower energies are 
needed. 

[0017] FIG. 1a shows a typical interconnect sub- 
strate 102 comprising a metal layer 106 and a photore- 
sist layer 104 disposed on top of the metal layer. As is 
well known in the art, exposure radiation is selectively 
applied to a mask or reticle to selectively expose and 
isolate various regions of the photoresist layer to 
develop a photoresist pattern. This photoresist pattern 
is then subsequently transferred into the metal layer. 
[0018] With continued reference to FIG. 1a, mask 
108 patterns the incident light rays 110 in accordance 
with a predetermined photoresist pattern. Conse- 
quently, light is blocked from those areas of the photore- 
sist layer 104 corresponding to a desired printed 
photoresist pattern, and light is allowed to penetrate into 
those regions of the photoresist layer 104 which are 
desired to be removed during the development step. 
Those skilled in the art will appreciate, however, that a 
variety of different expose and development paradigms 
may be employed to arrive at a desired photoresist pat- 
tern; for example, it may be desirable to configure the 
mask such that the areas of the photoresist layer 1 04 to 
be removed are blocked from the light, and the areas of 
the photoresist layer 104 which are desired to be pre- 
served are exposed. 

[001 9] With continued reference to FIG. 1 a and now 
also referring to FIG. 1b, after the regions of photoresist 
layer 104 which are desired to be removed have been 
exposed and developed, the photoresist pattern is said 
to be printed upon metal layer 1 06. In the context of FIG. 
1b, the printed photoresist pattern comprises respective 
photoresist structures 1 1 2,1 1 4,1 1 6. 
[0020] Referring now to FIG. 1a-c, the photoresist 
pattern shown in FIG. 1b is typically transferred to metal 
layer 106 through a metal etching process, wherein the 
metal 106 and the photoresist structures 112,114,116 
are simultaneously etched and removed resulting in the 
metal microelectronic pattern shown in FIG. 1c compris- 
ing respective metal structures 118,120,122. 
[0021] As the line widths (represented by the 
arrows marked ¥ in FIG. 1b) of the structures become 
smaller and smaller (e.g., less than .5 microns in width), 
the mechanical integrity of the photoresist structures 
112,114,116, as well as the metallic structures 
118,120,122 may become compromised. In order to 
prevent the photoresist and metal structures from 
becoming too thin or from having an excessively large 
vertical dimension ratios (represented by the arrows "h" 
in FIG. 1b) for a given line width, it is desirable to main- 
tain an aspect ratio (h/w) on the order of 2.5 to 4. 
[0022] With continued reference to FIG. 1c, it can 
be seen that microelectronic structure 122 exhibits com- 
promised structural integrity; in particular, the top por- 
tion of structure 122 deviates from the desired 
rectilinear configuration. Those skilled in the art will 
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appreciate this type of depth deformation typically 
results when the photoresist material completely or par- 
tially erodes in the metal etch process, leaving the top 
portion of microelectronic structure 122 exposed to the 
etching medium. This problem becomes exacerbated in 
current technologies when thinner photoresist layers 
are needed in order to accommodate the narrower 
depth of focus windows associated with deep sub- 
micron feature sizes. 

[0023] Referring to FIG. 2, presently known inter- 
connect processing paradigms suffer from additional 
drawbacks beyond the profile erosion discussed in con- 
junction with FIG. 1. FIG. 2 illustrates a typical microe- 
lectronic substrate comprising a metal layer 106 and a 
photoresist layer 104. As discussed above, a photore- 
sist pattern comprising photoresist features 
202,204,206 is desirably printed on metal layer 106. 
Using an appropriate mask (not shown in FIG. 2) of the 
type discussed above in conjunction with FIG. 1, expo- 
sure energy of a predetermined wavelength, repre- 
sented by light vectors 208,210 are applied to 
photoresist layer 104 in the vertical direction shown in 
FIG. 2a. In an ideal environment, these vertical rays cre- 
ate photoresist structures (e.g., structures 202,204,206) 
having straight, ideally vertical side wails. However, 
although the incident light rays 208,210 are generally 
vertically aligned, when the light waves contact the sur- 
face of metal layer 106 which adjoins photoresist layer 
104, the light rays often reflect against the surface of 
metal layer 106, resulting in spurious reflection rays, for 
example reflected rays 212,214,216. Although photore- 
sist structures 202,204,206 are masked to prevent them 
from being exposed during the exposure stage, spuri- 
ous reflected rays (e.g., rays 212,216) often penetrate 
the side wails of the photoresist structures, resulting in 
undesirable exposure of portions of the side walls of the 
photoresist structures. In particular, spurious ray 212 
can be seen contacting the side wall of photoresist 
structure 204; similarly, spurious wave 216 can be seen 
contacting the side wall of photoresist structure 206. 
[0024] Referring now to FIG. 2b, the effect of such 
spurious reflective light rays can be seen in the dis- 
torted, non-linear side walls of the developed photore- 
sist structure 218 (corresponding to desired profile 
202), photoresist structure 224 (corresponding to 
desired profile 204), and photoresist structure 226 (cor- 
responding to desired profile 206). In particular, respec- 
tive side walls 220,222,228 of respective photoresist 
structures 218,224,226 are partially consumed as a 
result of the undesired exposure of the side walls. 
[0025] Referring now to FIG. 3, presently known 
techniques for reducing spurious reflected light rays 
during photoresist patterning typically involve the use of 
an ARC layer 312. 

[0026] More particularly, prior art processing para- 
digms often employ a stacked metal layer 302, for 
example comprising middle metal layer 314 sandwiched 
between a top anti-reflective coating (ARC) layer 312, 



and a bottom thin film baffler layer 316. 
[0027] More particularly and with reference to FIG. 
3a, as the vertically incident exposure energy repre- 
sented by vector 318 enters photoresist layer 310, a 

5 portion of photoresist layer 310 which is desired to be 
removed is exposed during the exposure step. ARC 
layer 312, which typically comprises a material 
designed to absorb the exposure light, substantially 
reduces spurious reflected rays during the exposure 

w step. Consequently, only that portion of photoresist 
layer 310 (represented by the dotted lines) is removed 
during the developing step, thereby resulting in substan- 
tially linear, non-eroded side walls of finished photore- 
sist structures 304,306,308. 

15 [0028] Initial ARC layers, for example such as ARC 
layer 312, are made from a metallic material, for exam- 
ple titanium nitride, often referred to as tinitride. Conse- 
quently, this metallic ARC layer may be etched in the 
same chemistry that is used for metal etching. In addi- 

20 tion to using metallic ARC layers, organic ARC layers 
(not shown) have also been used to preserve the struc- 
tural integrity of the photoresist layer 310 by depositing 
the organic ARC layer (not shown) on top of the metallic 
ARC layer. In addition to the ARC layers, silicon dioxide 

25 layers have also been employed as hard mask layers to 
preserve the integrity of the microelectronic structures. 
However, the use of an organic ARC layer and/or a sili- 
con dioxide hard mask requires different etching chem- 
istries than those used for etching the metallic ARC 

30 layer and metal layer, thereby requiring additional etch- 
ing tools and increased processing times. 
[0029] Referring now to FIG. 3b, the substrate of 
FIG. 3a is shown subsequent to the metal etching step. 
In particular, metal portion 314 is etched using any well 

35 known wet or dry etching technique. Photoresist struc- 
tures 304,306,308 are transferred to the metal layer 314 
during the metal etch process. In particular, photoresist 
structure 304 is transferred into the metal layer as 
microelectronic structure 320; photoresist structure 306 

40 is seen transferred into the metal layer as microelec- 
tronic structure 322; and photoresist structure 308 is 
transferred into the metal layer as microelectronic struc- 
ture 324. In circumstances where sufficiently thick pho- 
toresist layers are employed, or when a less aggressive 

45 metal etching medium is used, often the top portion of 
microelectronic structures 320,322 remain generally 
rectilinear as a result of residual photoresist 326,328 
which was not consumed during the metal etching step. 
However, the integrity of the microelectronic structure 

so (e.g. Structure 324) may nonetheless be compromised 
even in the presence of ARC layer 321 due to, inter alia, 
one or more of the following conditions; an aggressive 
etching medium which fully or partially consumes the 
ARC layer, employing a photoresist layer which is too 

55 thin and hence is eroded during the metal etch process, 
and deep sub-micron feature sizes. 
[0030] Referring now to FIG 4, a suitable intercon- 
nect substrate in accordance with the present invention 
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comprises a metallic stack 402 having a photoresist 
layer 410 disposed thereon. In accordance with one 
aspect of the present invention, metallic stack 402 dis- 
posed thereon. In accordance with one aspect of the 
present invention, metallic stack 402 is suitably in the 5 
range of 1 ,000 to 20,000 angstroms thick, and is prefer- 
ably about 5,000 to 8,000 angstroms; photoresist layer 
410 is suitably on the order of .1 to 2 microns thick and 
preferably on the order of about .6 to 1.0 microns thick. 
In accordance with a further aspect of the present w 
invention, metallic stack 402 suitably comprises a metal 
layer 404 sandwiched between a first top ARC layer 406 
and a second bottom barrier layer 408. Preferably, top 
ARC layer 406 is a dielectric, inorganic compound, for 
example silicon oxynitride. 15 
[0031 ] In accordance with one aspect of the present 
invention, metal layer 404 is suitably made for alumin- 
ium, titanium, or other metals typically employed in the 
production of stacked semiconductor assemblies. If 
desired, meta! layer 404 may also include gold, silver, 20 
copper, either alone, in combination, or mixed with the 
aluminium, titanium, or the like. Moreover, depending on 
the particular application, metal layer 404 may comprise 
tungsten, nickel, or other substances, for example if the 
substrate is to be employed as a memory disk or other 2s 
structure other than a semiconductor stacked assembly. 
The thickness of metal 404 may vary from application to 
application; however the metal layer 404 thickness in 
accordance to an explicatory embodiment of the inven- 
tion is about 1 ,000 to about 20,000 Angstroms. 30 
[0032] With continued reference to FIG 4, inorganic 
dielectric layer 406 is suitably applied to metal layer 404 
in any convenient manner. In a particularly preferred 
embodiment, inorganic layer 406 is applied to layer 404 
through chemical vapour deposition (CVD) techniques. 35 
In a particularly preferred embodiment, plasma 
enhanced CVD (PECVED) techniques may be 
employed to deposit inorganic layer 406 on metal layer 
404. Although dielectric layer 406 thickness may vary 
from application to application, the dielectric layer 406 40 
thickness is preferably about 50 to 1 ,000 angstroms. 
[0033] Referring now to FIG. 5, an alternate embod- 
iment of the invention is shown. In particular, an inor- 
ganic layer 51 2 is shown applied on the surface of metal 
layer 504, notwithstanding the non-planar surface of 45 
metal layer 504. 

[0034] With continued reference to FIG. 5, metal 
layer 504 suitably comprises respective structures 506, 
508, 510, for example microelectronic structures; 
instead, structures 506,508, 510, may also comprise 50 
steps, ridges, or other topical non-pianarities other than 
microelectronic structures. By employing CVD or other 
application techniques other than traditional well-know 
"spin" techniques, it is possible to apply a substantially 
uniform thickness of the inorganic layer onto the metal 55 
layer, regardless of whether the metal layer is substan- 
tially planar or deviates from planarity. FIG. 5, thus illus- 
trates the conformal nature of the inorganic layer to 



metallic layer. 

[0035] After applying the inorganic layer to the 
metal layer as shown in FIG. 4 (or in the alternate 
embodiment shown in FIG. 5), it may be desirable to 
apply a photoresist layer 410 to the inorganic layer. In 
this regard, it is appreciated that the inorganic layer 406 
may serve a plurality of useful purposes. In particular, 
inorganic layer 406 (and inorganic layer 512 in the alter- 
native embodiment) may effectively serve as an ARC 
layer, thereby enhancing the verticality of the side walls 
of the photoresist structures by reducing spurious 
reflected rays during the exposure and developing 
steps. In addition, as discussed in greater detail below, 
inorganic layer 406 may enhance the integrity of the 
structure of the finished microelectronic structures after 
metal etching, even if the residual photoresist should 
become partially or fully eroded. 
[0036] Referring now to FIG. 6, an exemplary metal 
structure 602 suitably comprises a metal layer 604, an 
inorganic top layer 606, and a bottom barrier layer 608, 
which may comprise a dielectric; in a preferred embodi- 
ment, bottom barrier layer 608, is also a metal such a 
tinitride. In accordance with an exemplary embodiment 
of the invention layer 608 is less than about 3,000 ang- 
stroms thick. As briefly discussed above in conjunction 
with FIG. 4 and 5, inorganic layer 606 is also suitably 
applied to metal layer 604 via CVD or PECVD deposi- 
tion techniques. 

[0037] With particular reference to FIG. 6a, respec- 
tive photoresist structures 610, 612 may be printed onto 
metallic stack 602, for example using, inter alia, any of 
the printing techniques discussed above. As can be 
seen in FIG. 6a, the side walls of photoresist structures 
610, 612 exhibit a high degree of verticality, in part 
because of the anti reflective character of ARC layer 
606. To facilitate transfer of structures 61 0, 61 2 to metal 
stack 602, the inorganic top layer 606 may suitably be 
planarized, using chemical mechanical polishing (cmp) 
prior to coating stack 602 with photoresist. 
[0038] In order to transfer the photoresist pattern 
shown in FIG. 6a into the metal layer, the structure 
shown in FIG. 6a typically undergoes a metal etching 
process. In prior art systems utilizing an organic ARC 
layer, the organic ARC layer may be conveniently 
eroded in the presence of chlorine based etching envi- 
ronments or directional etching environments, i.e. 
where a bias is applied to the etching process, that are 
used in metal etching. In the context of the present 
invention, in contrast, inorganic layer 606 is desirably 
etched using a fluorine based etching solution including 
one or more of the following chemistries: CHF 3 , C 2 F 6 , 
and CF 4 (tetrafluormethane). 
[0039] With particular reference to FIG. 6b, inor- 
ganic layer 616 is suitably etched using an appropriate 
etching chemistry such as, for example, those 
described above. 

[0040] Upon completion of the ARC layer etching 
step, the inorganic layer 606 is positioned between 
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metal layer 604 and respective photoresist structures 
610,612. As seen in FIG. 6b, during this etching step, 
inorganic layer 606 is etched away, such as is indicated 
by arrow 618. As shown in FIG. 6b, the interconnect 
substrate is prepared for metal etching (i.e., etching of 
metal layer 604 to transfer photoresist structure 61 0,61 2 
into the metal). 

[0041] In accordance with a particularly preferred 
embodiment of the present invention, both the afore- 
mentioned inorganic etching step and the etching of 
metal layer 604 may advantageously be performed 
within the same tool, thus conserving processing steps 
and reducing the cost and complexity of producing the 
t finished semiconductor interconnect structures. The 

details of this in-srtu etching process are discussed in 
greater detail below in conjunction with FIG. 7 and 8. 
[0042] With continued reference to FIG. 6, the sub- 
strate shown in FIG. 6b suitably undergoes metal etch- 
ing, resulting in the structure shown in FIG. 6c. 
[0043] With particular reference to FIG. 6c, photore- 
sist structure 610 is suitably transferred into metal layer 
604, resulting in microelectronic structure 61 1 ; similarly, 
photoresist structure 61 2 is transferred into the metal, 
resulting in microelectronic feature 613. 
[0044] More particularly, structure 611 suitably 
comprises a top portion 614, a middle portion 622, and 
a bottom portion 628. In accordance with a preferred 
embodiment, top portion 614 suitably comprises that 
portion of inorganic layer 606 which was not etched 
away during the inorganic layer etching process. Middle 
portion 622 suitably comprises that portion of metal 
layer 604 which was not etched away during the metal 
etching step. Bottom portion 628 may comprise that 
portion of barrier layer 608 which was not etched during 
the aforementioned metal etching process; alternatively, 
bottom portion 628 may comprise part of barrier layer 
608 and part of the bottom of metal layer 604 in the 
event metal layer 604 is incompletely etched. Depend- 
ing on the level of the aggressiveness of the etching 
chemistry during the metal etch step, and further 
depending on such factors as the etch selectivity of the 
etch medium with regard to the photoresist and the 
metal layer 604, some residual photoresist 632 may 
remain on the top of microelectronic structure 611 after 
the completion of the metal etching step. For smaller 
structures (e.g., deep sub-half-micron feature sizes), or 
in circumstances where a very thin photoresist layer is 
used or a very aggressive metal (and hence photore- 
sist) etch solution is employed, it may be possible that 
all of the photoresist material on the surface of microe- 
lectronic structure 613 is partially or completely eroded 
during the metal etch process. By employing an inor- 
ganic ARC layer 606 which results in an inorganic ARC 
hard mask cap 616, the structural integrity of the top 
portion 634 of microelectronic structure 613 is pre- 
served; that is, even if the photoresist layer is com- 
pletely eroded away, the metal etch chemistry does not 
dramatically effect the structur of microelectronic 



structure 613, inasmuch as cap portion 616 is relatively 
impervious to the metal etch chemistry. 
[0045] Referring now to FIG. 7, the etching of the 
inorganic layer, as well as subsequent etching of the 

5 metal layer described in connection with FIG. 6, is suit- 
ably performed within the same plasma enhanced etch- 
ing chamber, resulting in substantial cost efficiencies 
inasmuch as both etching steps may be performed in- 
situ, that is, in the same tool. 

10 [0046] With continued reference to FIG. 7, a suita- 
ble plasma etching assembly 700 preferably comprises 
an etching chamber 702, a vacuum pump 704 con- 
nected to etching chamber 700 through a vacuum hose 
706, and a plurality of respective mask flow controllers 

75 (MFC) 710 which are suitably connected through a mix- 
ing valve or flow regulator 712 and a gas inlet conduit 
714 to etching chamber 702. In the interior region 708 of 
etching chamber 702, a plasma zone 722 is suitably 
maintained. In a preferred embodiment, plasma etching 

20 chamber 702 may be obtained from Applied Materials, 
Inc. under the product designation decoupled plasma 
source or DPS. 

[0047] Internal region 708 of metal etch chamber 
702 suitably comprises a workpiece support 716, for 

25 example an electrostatic chuck (ESC), configured to 
support a semiconductor interconnect substrate (such 
as shown in FIG. 6) 718 within the plasma region 722. 
Those skilled in the art will appreciate that appropriate 
temperature control mechanisms may be incorporated 

30 into chuck 71 6 and/or into the side walls or other interior 
region of chamber 702 to control the temperature at the 
workpiece surface during the etching process. Moreo- 
ver, those skilled in the art will further appreciate that an 
appropriate pressure may be maintained by vacuum 

35 pump 704 during the etching process, ft is further 
understood that appropriate contamination control, ven- 
tilation, and other well known parameters may be 
accommodated by etching system 700. 
[0048] The various gasses used to effect the etch- 

40 ing processes are conveniently applied into plasma 
region 722 through a gas inlet conduit 720 connected to 
external conduit 714. In a preferred embodiment, the 
various MFC's 710, control valve 712, and the various 
other processing parameters are conveniently control- 

45 led through the use of a personal computer or other 
known control device. 

[0049] With continued reference to FIG. 7 and refer- 
ring also to FIG. 6 and 8, an in-situ ARC etching proc- 
ess and an in-situ metal etching process may suitably 

so be performed in accordance with the following method: 
[0050] When it is desired to etch the inorganic ARC 
layer 606 (see FIG. 6a), the substrate comprising metal- 
lic stack 602 and the photoresist structures formed ther- 
eon is suitably placed on chuck 716 (the interconnect 

55 workpiece modeled as workpiece 718 in FIG. 7). The 
various processing parameters appropriate for a partic- 
ular etching recipe are then established (step 802), 
including, inter alia, setting the proper temperature, 
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pressure, plasma ignition times and dwell times, as well 
as selection of the appropriate mixture of gasses, gas 
rates and proporti ns to be fed to plasma region 722. In 
a preferred embodiment, helium, nitrogen, or other 
appropriate medium may be employed to cool the sur- 5 
fac of the workpiece via ESC 716, as desired. Once 
the appropriate parameters are established, the dielec- 
tric layer is suitably etched (step 804). In a preferred 
embodiment, the dielectric layer is suitably an inorganic 
film, for example, comprising silicon oxynitride, in which w 
case fluorine based chemistries such as CHF 3 , (^Fq, 
and CF 4 may be employed. In accordance with an alter- 
nate embodiment, a metallic mask layer, such as tini- 
tride, may be employed in lieu of the aforementioned 
inorganic hard mask layer. When an inorganic dielectric 75 
is employed, suitable etching chemistries include the 
aforementioned fluorine based chemistries, in combina- 
tion with chlorine based chemistries such as BCL 3 
(boron trichloride) and CL 2 . 

[0051] When inorganic layer 606 is substantially or 20 
completely etched (or the organic dielectric layer as dis- 
cussed in the aforementioned offset embodiment), as 
shown in FIG. 6b, the plasma may be temporarily termi- 
nated to accommodate a reconfiguration of the gas mix- 
ture (step 806); alternatively, the plasma may remain 25 
intact, and a gradual change in the gas composition 
may be affected to initiate the metal etch step. 
[0052] The metal etching step (step 808) suitably 
employs chlorine based chemistries such as BCL 3 , CL 2> 
or other appropriate metal etching chemistries; as with 30 
the dielectric etch step described above in conjunction 
with step 804, the metal etch process is also desirably 
conducted in the presence of an N 2 (nitrogen) or Ar 
(argon) gas mixture supplied to plasma chamber 722 
from gas supply conduit 720. 35 
[0053] When the metal is substantially or com- 
pletely etched to a desired level, the plasma may be 
extinguished (step 810). Alternatively, the plasma may 
remain energized and the gas supplied to plasma 
chamber may be reformulated in the event it is desired aq 
to over etch the surface of the interconnect, for example 
to clear residuals. 

[0054] ff it is desired to over etch (step 812), chlo- 
rine based chemistries such as BCL 3 , CL2, and the like 
may be employed with argon (Ar) either in addition to or 45 
in lieu of the nitrogen gas. In addition, in a preferred 
embodiment such over etching may be performed at a 
lower radiofrequency (RF) power, calculated to produce 
a lower energy plasma at the surface of workpiece 718. 
[0055] Once the metal etching process is complete so 
(which may or may not include over etching, as desired), 
workpiece 718 may be removed (step 814), whereupon 
another workpiece may be placed onto chuck 716 (step 
816). The process parameters for the new workpiece 
are then set (step 818) if they are, different than the 55 
process parameters employed in conjunction with the 
previous etching recipes for the previous workpiece; 
otherwise, the process returns to step 804 for the next 



cycle of workpiece fabrication. 
[0056] It should be understood that the foregoing 
description is of preferred exemplary embodim nts of 
the invention and that the invention is not limited to the 
specific forms or structures shown or described herein. 
Various modifications may be made in the design, 
arrangement, and type of elements and structures dis- 
closed herein, as well as the steps of making and using 
the invention without departing from the scope of the 
invention as expressed in the appended claims. 

Claims 

1. A method of manufacturing a semiconductor 
device, comprising the steps of: 

forming a metal stack (602) of a type which 
includes a metal layer (604) sandwiched 
between an upper inorganic anti - reflective 
coating (ARC) (606) layer and an oppositely 
disposed barrier layer (608); 
coating said inorganic layer (606) with a pho- 
toresist layer, 

exposing said photoresist layer through a pat- 
terned mask to yield a predetermined pattern 
of exposed regions in said photoresist layer; 
developing said photoresist layer to print a pho- 
toresist pattern (610,612) on said inorganic 
layer (606); 

etching (804) said inorganic layer (606), except 
in the region of said photoresist pattern, to at 
least partially expose said metal layer; and 
thereafter etching (808) said metal layer except 
in the regions of said photoresist pattern 
(610,612). 

2. The method of claim 1 wherein said step of forming 
a metal stack comprises the steps of: 

placing said metal layer in a chemical vapor 
deposition (CVD) chamber; and 
applying said inorganic layer to said metaJ layer 
by a CVD process. 

3. The method of claim 2 wherein said applying step 
comprises generating a plasma to enhance said 
CVD process. 

4. The method of any preceding claim, further com- 
prising the step of planarizing said inorganic layer 
before coating said inorganic layer with said pho- 
toresist layer. 

5. The method of claim 4 wherein said planarizing 
step comprises chemical mechanical planarization 
(CMP). 

6. A substrate for use in forming a semiconductor 
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interconnect structure, comprising: 

a metal stack (402, 502)including a metal layer 
(404, 504) and an inorganic dielectric 
(406,512) film layer disposed on said metal 5 
layer (404, 504); and 

a photoresist layer (410) disposed on said inor- 
ganic film layer (406,512). 

7. The substrate of claim 6, wherein said metal layer 10 
(404, 504) comprises at least one of aluminium, 
titanium, copper, gold, silver, tungsten and nickel 
and/or combinations thereof. 

8. The substrate of claim 6 or 7, wherein said metal is 
layer (404, 504) has a thickness in the range of 
about 1,000 to 20,000 angstroms, said photoresist 
layer (410) has a thickness in the range of about 

1 ,000 to 20,000 angstroms, and said inorganic film 
layer (406) has a thickness in the range of about 50 20 
to 1000 angstroms. 

9. The substrate of any one of claims 6 to 8, wherein 
said inorganic film layer (406) is an anti reflective 
coating. 25 

10. The substrate of any one of claims 6 to 9, further 
comprising a second film layer (408) comprising a 
dielectric disposed on said metal layer opposite 
said inorganic film layer (406). 30 

1 1 . The substrate of any one of claims 6 to 1 0, wherein 
said metal layer (504) comprises sub-micron fea- 
ture size microelectronic structures (506, 508, 510), 
and wherein said inorganic film layer (51 2) exhibits 35 
a generally uniform thickness which generally con- 
forms to said metal layer, including said microelec- 
tronic structures (506, 508,510). 

1 2. The substrate of any one of claims 6 to 1 1 , wherein 40 
said inorganic film layer comprises silicon oxyni- 
tride. 

13. A microelectronic interconnect structure having a 
substrate as claimed in any one of claims 6 to 1 2. 45 

14. A microelectronic interconnect structure, compris- 
ing: 

a plurality of microelectronic structures, at least so 
one of said structures comprising: 

i) a barrier layer (608) having a thickness 
less than 3,000 angstroms; 

ii) a metal layer (604) having a thickness 55 
greater than about 1 ,000 angstroms dis- 
posed on said barrier layer (608); and 

iii) an inorganic film layer (606) disposed 
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on said metal layer (604) opposite said 
barrier layer (608). 

15. The structure of claim 14, wherein said metal layer 
(604) comprises at least one of aluminium, tung- 
sten, gold, or copper. 

1 6. The structure of any one of claims 1 4 or 1 5, wherein 
said inorganic film layer is substantially uniform in 
thickness and has a thickness in the range of about 
50 angstroms to about 1,000 angstroms. 

1 7. The structure of any one of claims 1 4 to 1 6, wherein 
said inorganic film layer is a dielectric silicon com- 
position, preferably silicon oxynitride. 
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